Introduction We analyzed clinical factors related to uptake on a Tc-99 m HDP bone scan of the accessory navicular (AN).
Introduction
The accessory navicular (AN) is an accessory ossicle within the tibialis posterior tendon at its navicular insertion [1] . It is also called the os tibiale externum, prehallux, or navicular secondum [2] . It is relatively common and reported to be present in 4-21 % of the population [3] [4] [5] [6] . Usually, it is asymptomatic and observed incidentally. However, in some patients, it can be a direct cause of medial foot pain in the navicular bone area [7] . This constitutes a so-called symptomatic AN.
The mechanism of pain might be due to overuse or traumatic or degenerative changes at the synchondrosis, or to inflammation related to fusion and the bony prominence [3, 8] . A chronic stress reaction has been suggested based on pathologic reports about micro-fractures, new bone formation and inflammation, and cellular proliferation through the cartilaginous synchondrosis [9] . There is also osteonecrosis, which creates bone marrow edema on magnetic resonance imaging [3] . Usually, the first line treatment is conservative [1] . Surgery is indicated for patients who do not respond to medical management [1] . The Kidner procedure and modified Kidner procedure both involve excision and reattachment of the tendon [1] . Simple excision of the AN from the tendon also can be performed [1] . However, other causes such as plantar faciitis, tendinitis, fractures, tarsal coalitions, or tumors should be ruled out [10] . Chiu et al. [11] reported that the absence of uptake on bone scintigraphy can exclude a symptomatic AN. However, there can be hot uptake with an asymptomatic AN as well [11] . Therefore, AN uptake should be interpreted cautiously in an asymptomatic patient. However, in spite of the high incidence of asymptomatic ANs, no study has evaluated the clinical factors related to asymptomatic AN uptake on a bone scan. Also, Chiu et al. [11] attempted to use a three-point scoring system to grade bone scan uptake. However, they found that the scoring system was of no value in differentiating degrees of uptake.
Therefore, we analyzed whether bone scan uptake on an AN is related to the risk of becoming symptomatic. We also analyzed whether clinical factors such as age, size of bone, or duration of symptoms are related to the grade of uptake on the bone scan. In addition, we investigated the diagnostic value of the bone scan and single photon emission/computed tomography (SPECT/CT) using a grading system in patients with symptomatic ANs.
Patients and Methods

Patients
This was a retrospective study. We reviewed 58 patients (99 ANs) who underwent a Tc-99 m hydroxymethylene diphosphonate (HDP) bone scan (bone scan) between October 2012 and June 2014 to evaluate the AN due to typical foot pain suggesting a symptomatic AN (Fig. 1) . We enrolled all patients who met all of the inclusion criteria, which were as follows: 1) patients with typical medial foot pain, 2) those with AN proven on X-ray, 3) Fig. 1 Flow chart of enrollment and grades on bone scan. Footnote a) Among bilateral AN and unilateral foot pain, four patients had medical records only about original Bsymptomatic foot^area during follow-up. There was not any comment about other foot with asymptomatic AN about checking out development of pain follow-up. Therefore, 4 feet were excluded for analysis of asymptomatic AN. Their grades were three of uptake grade 1 and one of uptake grade 2. b) Fourteen ANs with uptake grade 1 and eight ANs with uptake grade 2. c-e) All of these patients did not become symptomatic during follow-up period. f) No uptake on AN but hot uptake on the talonavicular joint. g) Symptoms of these patients were subsided after treatment (operation (n = 11) or conservative treatment (n = 6)). h) Twenty-five patients with grade 2 uptake underwent operation and became asymptomatic. The other patient had conservative treatment and did not become asymptomatic until 35 months of follow-up. *Abbreviation: R/O, rule out those who were examined by an orthopedic surgeon and tentatively diagnosed with a Bsymptomatic AN^, 4) patients who underwent a bone scan to evaluate the foot, and 5) those whose clinical follow-up after the bone scan was performed and a final diagnosis was made by an orthopedic surgeon. The final diagnosis was made based on the clinical follow-up after the scan, and the surgeon then decided on the correct treatment. If typical pain was not reported from the time of enrollment until the last day of the follow-up period, that bone was confirmed as an asymptomatic AN. Figure 1 describes the process of enrollment. We excluded patients with pain in any other part of the foot besides the medial portion. We also excluded feet whose clinical follow-up was not done to rule out false positives or false negatives. This retrospective study was approved by the Institutional Review Board of our institution.
Bone Scan and Interpretation
Tc-99 m HDP 740 MBq (20 mCi) was injected intravenously. For pediatric dosing, we followed the European recommendations [12] . After 4 h, the whole body scan was done using a dual-head gamma camera (INFINIA GP3, GE, USA) with a low-energy, high-resolution collimator; the photo peak was 140 keV with a 20 % window (128 × 128 matrix). After whole-body scanning, plantar images of both feet were obtained. Then, SPECT/CT images were obtained on both feet (INFINIA HAWKEYE 4, GE).
All scans were read and analyzed retrospectively. Image readers were blinded to the final diagnosis and knew only whether the accessory bone was present or absent in each foot. The grade of HDP uptake on the accessory bone area (medial foot) was decided by two nuclear physicians via consensus. The three-point scale was scored as follows: grade 0, no uptake; grade 1, mild uptake; and grade 2, hot uptake [11] . Mild uptake (grade 1) was defined as activity similar or mildly greater than the adjacent cuneiform bone. Hot uptake (grade 2) was defined as markedly increased uptake compared to the adjacent bone (Fig. 2) . Grades on all the planar images, fusion images, and maximum intensity projection images were recorded on the bone scan and SPECT/CT.
Clinical Factors
Age, gender, duration of symptoms, size of AN (longest, mm), and location of AN (right/left foot) were obtained by reviewing medical records.
Statistical Analysis
Data which were accepted based on a Kolmogorov-Smirnov normality test were analyzed using parametric tests such as the t-test, chi-square test, chi-square for trend, or simple correlation. Other data were analyzed by non-parametric tests such as the Mann-Whitney U test, Fisher's exact test, or Wilcoxon's test. Logistic regression and receiver-operator curve analysis was also done. Inter-rater agreement of the two image readers regarding the grade of uptake was analyzed. The MedCalc software package (ver. 13.3.3.0; MedCalc, Inc., Ostend, Belgium) was used for analyses. P-values < 0.05 were considered to be statistically significant.
Results
Enrolled Subjects
A total of 73 ANs (28 asymptomatic ANs and 45 suspected symptomatic ANs before the scan) were enrolled ( Fig. 1 and Table 1 ). After clinical follow-up, the diagnosis was changed in two patients (from symptomatic AN to arthritis). Therefore, based on the final diagnosis, there were 30 confirmed cases of asymptomatic ANs and 43 confirmed symptomatic ANs.
Bone Scan Findings and Follow-Up
Among asymptomatic cases of AN, more than half of the patients did not show any uptake on AN (Fig. 1) . However, there were eight asymptomatic AN with grade 1 uptake and two asymptomatic AN with grade 2 uptake.
All of them remained asymptomatic until the last day of clinical follow up (6.25 ± 9.5 months; range: 1-35 months). Therefore, they were all confirmed as asymptomatic ANs.
Among the symptomatic ANs, 17 had grade 1 uptake and 26 had grade 2 uptake (Fig. 1g and h ). Among the ANs suspicious for being symptomatic, two of them were proven to not be the source of pain (Fig. 1f) . Talonavicular arthritis was identified as the cause of pain in both of these cases and the bone scan showed hot uptake on that joint and not on ANs (Figs. 1f and 3 ). For symptomatic ANs with grade 2 uptake, all patients underwent surgery except one because he refused the operation but still complained about foot pain on clinical follow-up after 35 months. Follow-up bone scan of that patient showed decreased uptake compared to the previous scan. For symptomatic ANs with grade 1 uptake, 11 patients underwent the operation and six were treated conservatively. All of them were asymptomatic at the last follow-up as assessed by the orthopedic surgeon (19.49 ± 12.31 months; range: 6.3-36.1 months).
Asymptomatic Accessory Navicular: Factors Related to Bone Scan Uptake
In asymptomatic ANs, larger bones showed a higher uptake grade (correlation coefficient r = 0.6317, p = 0.0003 on simple correlation). The size of the bones of the group with bone scan uptake was significantly larger than that of the bones without uptake (p = 0.0005, t-test). For predicting grade 2 uptake, receiver operating characteristic (ROC) curve analysis showed that a cut-off value > 14.2 mm had a sensitivity of 100 %, a specificity of 92.31 %, positive predictive value of 50 %, and negative predictive value of 100 %. For predicting grade 1 and 2 uptake, ROC curve analysis showed that a cut-off value > 6.8 mm had a sensitivity of 100 %, a specificity of 44.44 %, positive predictive value of 50 %, and negative predictive value of 100 %. Therefore, when the size of the asymptomatic AN is ≤14.2 mm, there is no chance of grade 2 uptake. Also, when the size of the asymptomatic AN is ≤6.8 mm, there is no chance of grade 1 or 2 uptake. Other clinical factors, such as age, gender, and the side of the AN (left/right) were not related to bone scan uptake on an asymptomatic AN.
Symptomatic Accessory Navicular: Factors Related to Uptake
In symptomatic ANs, the larger bones showed a higher uptake grade (correlation coefficient r = 0.3950, p = 0.0088, simple correlation). Also, a shorter duration of symptoms was related to a higher uptake grade (correlation coefficient r = − 0.3926, p = 0.0076, simple correlation).
Other clinical factors, such as age, gender, and the side of the AN (left/right) were not related to uptake on the AN regardless of pain.
Diagnosis of Symptomatic Accessory Navicular
For the final diagnosis of symptomatic AN, logistic regression revealed that both size (odds ratio = 1.26, p = 0.0035) and grade (odds ratio = 22.94, p < 0.0001) were significant factors. However, multiple regressions revealed that only the grade was a significant risk factor for diagnosis of a symptomatic AN.
To overcome the confounding factors of size and symptom duration, we analyzed the partial correlation which revealed that there was also a significant correlation between grade and diagnosis of a symptomatic AN (correlation coefficient r = 0.5343, p = 0.0002). The ROC analysis revealed that uptake on the bone scan is an excellent means of diagnosing a symptomatic AN (area under the curve = 0.901, standard error = 0.0360, 95 % confidence interval: 0.808, 0.958; p < 0.0001). Diagnostic performances are described in Table 1 with each cut-off value (grade ≥1 or grade 2). By using a cut-off value of grade <1 on the bone scan uptake, a symptomatic AN can be ruled out with a negative predictive value of 100 % ( Table 2) .
Grade on Planar Image vs. SPECT/CT vs. Maximum Intensity Projection (MIP)
Inter-rater agreement of grades between the two readers was very good (weighted Kappa = 0.868). Uptake grade of AN also showed good agreement between the planar image, SPECT/CT, and MIP (inter-rater agreement). Furthermore, comparison of the ROC curves revealed that there was no difference between planar images, SPECT/CT, and MIP in the diagnosis of symptomatic AN with the uptake grade. However, SPECT/CT can show anatomic information (Fig. 3) .
Discussion
In this study, we found that a larger size of asymptomatic AN is related to a higher grade of uptake on bone scans. To the best of our knowledge, this is the first report to focus on the size and the uptake grade of asymptomatic ANs. We found that with a cut-off value of size ≤6.8 mm, there is no chance of grade 1 or 2 uptake.
The reason for increased uptake on an asymptomatic AN is not clear. None of the asymptomatic ANs with increased uptake on the bone scan became symptomatic during follow-up. This means that uptake on the bone scan was not a predictor of future symptoms. As in our study, Chisin et al. [13] reported that there was increased uptake on the great toe sesamoids in 29 % of asymptomatic subjects undergoing demanding physical training and in 26 % of subjects who were sedentary. They concluded that increased uptake may represent normal physiology [13] . Chiu et al. [11] also stated that increased bony uptake in asymptomatic subjects may not be a risk factor because none of their asymptomatic patients became symptomatic.
We found that uptake on asymptomatic bones was not a predictor of becoming symptomatic. Therefore, assessing the value of scoring on the bone scan should not be used for diagnosis and differentiation. Furthermore, using a grading system in asymptomatic patients seems to be illogical. The grading system should only be used for ANs suspicious for becoming symptomatic. Among patients suspicious for having a symptomatic AN, a lack of uptake (grade 0) on the bone scan can rule out the possibility of a symptomatic AN with a negative predictive value of 100 % ( Table 2) . A diagnostic criterion of grade ≥1 is apparently more helpful in ruling out symptomatic ANs in the evaluation of foot pain due to its higher negative predictive value than a criterion of grade ≥2 (Table 2 ). Also, considering that the size and symptom duration are related to the grade, the grading system can also be used for additional information. We used grading system in analysis. Chiu et al. [11] conducted a similar study with a small population (13 symptomatic and ten asymptomatic ANs) and reported that the uptake grade of the bone scan was of no value in differentiating symptoms. However, the clinical diagnosis of AN is not completely based on imaging, as the physical examination and patient history are also essential to diagnosis. Uptake grade of bone scan should not be used to detect disease but rather to rule it out.
Based on our study, larger size of AN and shorter duration of symptoms are related to a higher uptake grade of symptomatic ANs. Previously, a group analyzed three phase bone scans of ten patients with symptomatic AN and they reported that hyperemia was shown in all symptomatic ANs [14] (they did not conducted analysis based on grading system). Another group analyzed 24 ft of 16 patients who underwent SPECT/ CT for symptomatic accessory bone and classified patients into high and low uptake groups [15] . In their study, the high uptake group had a higher pain score [15] (we could not conducted pain score analysis due to lack of information on medical record). The information about pain duration was not shown but all patients of the low uptake group improved after non-operative treatment [15] . Like we mentioned earlier, the exact reason of symptom of AN is not clear. However when we consider that trauma related to stress on pre-existing AN may produce pain [14] , we authors suggested that bone scan uptake of symptomatic AN may be similar to that of fracture. That may cause shorter duration of pain to be related to higher grade on bone scan of AN.
In our study, the grades on planar images and fusion SPECT/CT images were not different. Also, the SPECT/CT in our study did not provide much additional information except to help localize arthritis (Fig. 3) . In contrast to our study, a previous study by Mohan et al. [16] that used SPECT/CT in foot and ankle diseases reported that SPECT/CT could provide additional information in 80.6 % of patients and changed the method of management in 61.3 % of cases. This is probably due to differences in enrolled patients. In our study, all patients had a clinical impression of a symptomatic AN based on X-rays of the foot and physical examinations by orthopedic surgeons. Other diagnoses such as foot fractures had been ruled out before referral for the bone scan. Therefore, our study suggested that in this limited population of patients with highly suspected AN pathology, SPECT/CT would only provide limited information.
Our study had several limitations. First, this was a retrospective study. The relationship between uptake grade and clinical factors such as responsiveness to treatment (conservative treatment or surgery), pain degree, and amount of physical activity could not be analyzed due to lack of information. Also, orthopedic surgeons exclusively selected the method of treatment for each patient regardless of grading on the bone scan. We found that only a larger size and shorter duration of pain are related to a higher grade. Further studies regarding the grade and other clinical factors such as the severity of pain, prediction of treatment response, and choice of treatment method are needed. In addition, the disease prevalence of our patients was almost near 50 %. Therefore, the cut-off value from this study should only be used for patients with foot pain with accessory bone and not for patients without foot pain.
Bone scanning is a useful imaging tool for cases of symptomatic ANs and has a high negative predictive value. For symptomatic ANs, a higher uptake grade on the bone scan is related to a larger size and shorter duration of pain. For asymptomatic ANs, uptake on the bone scan was related to size but was not a predictor of the development of symptoms.
